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ABSTRACT 
Global problems associated with conventional, non-biodegradable plastics have urged the society to use more eco-
friendly biodegradable plastics. In this study, linear low-density polyethylene (LLDPE) was co-compounded with cassava-based 
thermoplastic starch (TPS) to prepare biodegradable plastics (i.e. plastics that can be degraded by microbes), in which three different 
LLDPE/TPS ratios were studied. Acetic acid was used to hydrolyze the polysaccharides by breaking the branched amylopectin 
that causes the TPS-containing composites brittle and stiff. The biodegradation properties of the LLDPE/TPS composites were 
determined by observing the level of microbial growth on the sample surface after incubation with potato dextrose agar medium 
that was inoculated with Penicillium sp. and Aspergillus niger. Burial test in a humid composting medium was also performed to 
validate the biodegradation properties. The mass change (%) was calculated in relative to the initial mass before burial test. The 
physical properties (tensile strength and elongation at break) of the bioplastics were determined using universal testing machine 
before and after burial treatment. The morphology of the sample surface was evaluated using scanning electron microscopy. The 
results showed that the microbial growth increases with increasing TPS content. Negative mass changes were observed on all 
samples that contain TPS, with increase in the magnitude with increasing TPS content.  The tensile strength tends to increase in the 
first 28 days of burial period in a composting medium then decreases and plateaus, while the elongation at break decreases with 
increasing burial period. Moreover, samples that contain acetic acid showed less microbial attachment and less biodegradation 
compared to samples that does not contain acetic acid.
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INTRODUCTION  
Environmental pollutions caused by plastics wastes 
is one of global problems that needs serious concerns. The 
plastics wastes found in ground water and even inside the 
digestive system of sea animals in recent days, in the form 
of either macro- or micro-plastics (Frias & Nash, 2019), 
is a problem not only in Indonesia but also around the 
globe (Botterell et al., 2019; Cho et al., 2019; Guzzetti 
et al., 2018; Karthik et al., 2018; Li et al., 2019; Rainieri 
& Barranco, 2018; Slootmaekers et al., 2019; Sun et 
al., 2019; Teng et al., 2019; Wang et al., 2019; Windsor 
et al., 2019). Apart from development of recycling 
technologies for non-biodegradable plastics (Horodytska 
et al., 2018; Mwanza et al., 2018; Ragaert et al., 2017; 
Silveira et al., 2018; Thakur et al., 2018), development 
of biodegradable plastics (Chinaglia et al., 2018) is one 
of important solutions in coping with plastics wastes. 
According to ASTM standard (D6813), biodegradable 
plastics refer to polymeric materials that are “capable of 
undergoing decomposition into carbon dioxide, methane, 
water, inorganic compounds, or biomass in which the 
predominant mechanism is the enzymatic action of 
microorganisms, that can be measured by standardized 
tests, in a specified period of time, reflecting available 
disposal condition” (Song et al., 2009).
The technology used for developing biodegradable 
plastics can be categorized into biotechnology and 
compounding. Biotechnology refers to the technology 
that uses enzymes and microorganisms to produce the 
polymer materials for the plastics products, such as 
poly(lactic acid) (PLA) and poly(hydroxyalkanoates) 
(PHA). The drawbacks of biotechnology are for example 
the possibility of occurring genetically modified organism 
(GMO) and transgenic plants with uncertain safety 
for humans. The investment funds needed for this type 
of technology is also high, and not yet applicable in 
Indonesia. On the other hands, compounding technology 
refers to the technology that blends and finds the optimum 
formulations between (bio)polymers in order to achieve 
the aimed biodegradation properties. There have been 
several company start-ups in Indonesia for this type of 
technology, namely Evoware, Enviplast, and Avani.
Polysaccharides and polyamides are among 
biopolymers that are often used to prepare biodegradable 
plastics (Ashter, 2016). While, linear low-density 
polyethylene (LLDPE) is one of synthetic polymers that 
have been widely used in the preparation of plastics that 
should meet properties like highly flexible, possess high 
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elongation at break, able to form thinner films compared 
to other types of polyethylenes, resistant to chemical 
attacks, transparent, and inexpensive. However, plastics 
made of solely LLDPE are, in general, non-biodegradable 
when disposed to the environment. Blending LLDPE 
with a polysaccharide- (starch-) based polymer has been 
reported to increase the biodegradation level of LLDPE 
(Nguyen et al., 2016). Cassava starch consists of amylose 
and amylopectin, in which the latter is significantly more 
brittle than the former due to its highly branched chemical 
structure. Thus, bioplastics with a high amylopectin 
content present low mechanical properties (Tanetrungroj 
& Prachayawarakorn, 2018). In order to reduce this 
problem, the starch should be hydrolyzed prior to 
blending and compounding with other polymer(s). The 
hydrolysis should lead to chain scission of the highly 
branched amylopectin and decrease in the brittleness of 
the material.
Acidic hydrolysis of starch can be performed using, 
for example, acetic acid. The acid attacks the amorphous 
(amylopectin) part that covers the crystalline (amylose) 
part, and then it attacks both amylopectin and amylose 
leading to the formation of shorter polymer chains 
(smaller molecules). It also facilitates the formation of 
linear polymer chains and further formation of bioplastics 
(Wang & Copeland, 2015). It has been previously reported 
that processing bioplastics with acetic acid increases the 
solubility of starch (Prabha & Ranganathan, 2017). Apart 
from its role as hydrolyzing agent, it is known that acetic 
acid possess antimicrobial properties (Bjarnsholt et al., 
2015; Halstead et al., 2015). Hence, the presence of acetic 
acid should influence the biodegradability of bioplastics.
In this study, bioplastics were fabricated from 
LLDPE and thermoplastic starch (TPS) from cassava. 
Three different ratios of LLDPE/TPS were evaluated, 
i.e. 70/30, 50/50, and 30/70. Furthermore, the influence 
of acetic acid to the performance of bioplastics was 
also investigated. The biodegradability of LLDPE/TPS 
composites was determined using burial method in a 
composting medium according to previously reported 
protocol (Dilfi et al., 2017; Nguyen et al., 2016; Oragwu, 
2016). Nguyen et al. (2016) reported that LDPE/starch-
based bioplastics showed more biodegradation in a 
composting medium compared to in normal soil. The 
mass change, morphology, and tensile strength of the 
bioplastics were measured before and after burial tests.       
    
MATERIALS AND METHODS  
Materials
LLDPE resin Asrene UF 1810T (extrussion grade, 
density 0.921 g/cm3, and melt index 1 g/10 min (190oC/2.16 
kg)) was purchased from PT Chandra Asri. Orang Tani® 
starch powder was used for preparing TPS formulations. 
Compatibilizer Lotrader 4210 and antioksidan Songnox 
1010 were purchased from PT Bunga Permata and PT. 
Intera Lestari Polimer, respectively. Aquadest, stearic 
acid, and glycerol were purchased from Bratachem. 
Furthermore, TPS1 and TPS2 were prepared, following the 
formulations as described in the “composite preparation” 
section.
Equipment
Internal mixer Haake Rheomix OS, hydraulic press, 
universal testing machine (UTM) Tinius Olsen-H25K, and 
Scanning Electrone Microsscope (SEM) JSM06510LA 
were used during the compounding, pressing, physical 
testing, and morphological testing, respectively.
Methods
Composite preparation
LLDPE/TPS composites were prepared in an 
internal mixer at 130 °C and 40 rpm for 15 min. Based on 
experimental results in a rheomix at 40 rpm, the change 
of the process torsion showed a stable process at 130 
°C. Too high and too low temperature may cause starch 
degradation and unmelted polymers, respectively. Three 
different LLDPE/TPS ratios were used, i.e. 70/30; 50/50 
and 30/70. Prior to mixing with LLDPE, the starch powder 
was hydrolyzed using acetic acid solution. As a control, 
un-hydrolyzed starch powder was included in the study. 
Thus, two TPS formulations were prepared, i.e. TPS1 and 
TPS2. The former (TPS1) consists of starch 70%, water 
9%, acetic acid 1%, and glycerol 20%, while the latter 
(TPS2) consists of starch 71%, water 9%, and glycerol 20% 
(TPS2 does not contain acetic acid). The starch, water, and 
acetic acid were mixed until a homogenous solution was 
obtained. The glycerol was then added and the solution 
was stirred for 15 min. Prior to addition of LLDPE, the 
solution was stored for 2 days to allow further mixing 
and hydrolysis of the starch. During compounding, other 
additives such as compatibilizer, antioxidant, and stearic 
acid were added. After the compounding process, a 1 mm-
thick composite film was prepared using hydraulic press 
machine. Dumbbell specimens type 5 (Figure 1) were than 
prepared from the film using a punching machine.    
Biodegradability test in potato dextrose agar (PDA)
The test in a PDA medium was performed following 
ASTM G-21To this end, a 3 x 3 cm sample was placed on the 
PDA medium that was inoculated with either Penicillium 
sp. or Aspergillus niger. The sample was incubated at 
40°C. After 2 and 6 weeks, the microbial growth on the 
sample surface was observed and quantified as follows: 
0 refers to samples with no microbial growth; 1 refers to 
samples with ≤10% microbial surface coverage; 2 refers 
to samples with 10-30% microbial surface coverage; 3 
refers to samples with 30-60% microbial surface coverage; 
and 4 refers to samples with 60-100% microbial surface 
coverage.
Biodegradability test in composting medium
The burial test using composting medium was 
performed at a laboratory scale using modified Amer and 
Saeed (2015) method. The composting medium consists 
of manure, husk charcoal, sand, and cocopeat, making the 
medium suitable for growing microbes such as fungi and 
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bacteria. Thus, a humid composting medium was added in 
a plastic container. Dumbbell specimens with standardized 
dimensions were prepared for each sample. The specimens 
were then buried inside the composting medium at a 10-
cm depth from the air-composting medium interface. After 
an outdoor burial test for 56 days, the specimens were 
taken out and cleaned carefully to remove attached soil 
particles. Conditioning of specimens was the performed 
at 23 ± 2 °C for 24 h. The biodegradability was observed 
based on the changes in mass, tensile strength, elongation 
at break, and morphology. 
Mass change 
The mass change of the composite after burial tests 
was calculated according to equation 1.
  
Mass change = [(B0 - B1)/B0] x 100%                   (1)
where B0 and B1 are the mass of the sample before and 
after burial test, respectively.
Tensile strength and elongation at break
The tensile strength and elongation at break of the 
samples were performed using a UTM following a standard 




The morphology of the samples was observed 
before and after 14, 42, and 56 days of burial test, using 
SEM.
RESULTS AND DISCUSSION
Biodegradability Tests in PDA Medium
The LLDPE/TPS composites were contacted with 
PDA medium and incubated at 40 °C. Organoleptic 
observation was then performed, i.e. the visible microbial 
growth on the surface of the samples was monitored from 
time to time using bare eyes (Figure 1) and quantified 
based on the microbial surface coverage (Table 1). Figure 
1 and Table 1 show that the microbial surface coverage of 
the samples increases with increasing TPS (starch) content 
on the LLDPE/TPS composite samples, both on LLDPE/
TPS1 and LLDPE/TPS2. Although the microbial surface 
coverage on a sample does not directly mean that the 
sample is biodegradable, it does indicate that the sample 
attracts microbes, and this may lead to biodegradation 
of the sample by the microbes. Thus, Figure 1 and Table 
1 indicate that higher content of starch leads to higher 
biodegradability of LLDPE/TPS composite samples. 
Furthermore, higher microbial surface coverage on the 
TPS-containing samples were observed after 42 days of 
incubation time compared to after 14 days of incubation 
time. This phenomenon validates the fact that starch is a 
suitable substrate for microbial growth and, expectedly, 
enzymatic actions that leads to biodegradation of the 
samples. No microbial surface coverage was observed 
on LLDPE samples. This indicates that LLDPE is not a 
suitable substrate for microbial growth, possibly due to 
the fact that LLDPE cannot be hydrolyzed and digested by 
the microbes. Interestingly, despite the role of acetic acid 
as a hydrolysis agent, LLDPE/TPS1 samples that contain 
acetic acid show, in general, lower levels of microbial 
growth compared to LLDPE/TPS2 samples that contain 
no acetic acid. This observed phenomenon might be due 
to the antimicrobial activity of acetic acid, thus it inhibits 
the microbial growth (Al-Rousan et al., 2018; Juniawati 
et al., 2017). 
Mass change
 The changes in mass of LLDPE/TPS composite 
samples after burial treatment in composting medium were 
measured as one of indicators for biodegradation. The mass 
change values as a function of both burial period and TPS 
content for LLDPE/TPS1 and LLDPE/TPS2 samples are 
presented in Figure 2a and 2b, respectively. In both figures 
it is seen that while there are no mass changes observed 
for LLDPE with no TPS content (0%), there are negative 
changes of masses for all samples that contain TPS, with 
increasing burial period. The negative changes are more 
prominent at samples with higher TPS content, indicating 
the role of TPS in the biodegradability of LLDPE/TPS 
composites. Furthermore, it is seen that the negative mass 
changes in Figure 2b (LDDPE/TPS2) are relatively more 
prominent in comparison to those in Figure 2a (LLDPE/
TPS1). Since TPS1 contains acetic acid while TPS2 does 
not, this observed phenomenon further indicates the role 
of acetic acid in inhibiting biodegradation process of the 
samples, due to its antimicrobial properties. These results 
are in agreement with the publication of Tawalkatu et al. 
(2015) that reported reduced biodegradability of acetic 
acid-and-acetic anhydride-modified starch compared to 
the unmodified one.
Morphology 
The morphology of the samples before and after 
burial treatment in composting medium were studied 
using SEM method, with 5000× magnification. The SEM 
images obtained are presented in Figure 3. 
It is seen in Figure 3 that the heterogeneity 
(roughness) of the sample surface, both before and after 
burial treatment, tends to increase with increasing TPS 
content. Moreover, for all LLDPE/TPS samples, more 
heterogeneous (rougher) samples are observed after 56 days 
burial treatment, compared to the initial sample (i.e. before 
burial treatment). Comparing LLDPE/TPS1 and LLDPE/
TPS2 samples, the latter present more heterogeneity after 
the burial treatment. In line with the results presented in 
Figure 1 (qualitative organoleptic analysis after incubation 
treatment in PDA medium) and Figure 2 (quantitative 
mass change analysis after incubation treatment in PDA 
medium), the more heterogeneous morphology after 
burial treatment indicates more biodegradation due to the 
absence of acetic acid. Similar results were reported by 
Roy et al. (2015) that presented the SEM micrographs of 
polypropylene/potato starch. The authors reported more 
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Figure 1. Macroscopic (camera) images of the sample surfaces after biodegradability test in PDA medium inoculated 
with Penicillium sp. and Aspergilus niger for 14 and 42 days.  
fractures, holes, and degradation on the morphology 
images of the samples after biodegradation process.
Tensile Strength and Elongation at Break 
The tensile strength (TS) and elongation at break 
(EB) of the samples were measured using a universal 
testing machine to study the physical properties before and 
after burial test. The TS values of LLDPE/TPS samples as 
a function of burial period and TPS content are presented 
in Figure 4a and 4b for LLDPE/TPS1 and LLDPE/TPS2, 
Tabel 1. The quantitative level of microbial growth based on the microbial surface coverage.
Composite materials
Level of microbial growth 
Penicillium sp. after incubation time
Level of microbial growth 
Aspergillus niger after incubation time
14 days 42 days 14 days 42 days
LLDPE/TPS1 (w/w)
70/30 1 3 1 3
50/50 1 4 2 4
30/70 1 4 3 4
LLDPE/TPS2 (w/w)
70/30 1 3 1 3
50/50 3 4 3 4
30/70 4 4 2 4
LLDPE
0 0 0 0
Note:
0 : no microbial growth
1 : ≤ 10% microbial surface coverage (≤ 10% of the sample surface is covered by the microbes)
2 : 10-30% microbial surface coverage
3 : 30-60% microbial surface coverage
4 : 60-100% microbial surface coverage
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Figure 2. The mass change of samples as a function of burial period and TPS content for a) LLDPE/TPS1 (contains 
acetic acid) and b) LLDPE/TPS2 (does not contain acetic acid).
respectively. The EB values of LLDPE/TPS samples as a 
function of burial period and TPS content are presented 
in Figure 5a and 5b for LLDPE/TPS1 and LLDPE/TPS2, 
respectively.











Figure 3. Scanning electron micrographs of samples at different LLDPE/TPS ratios before (0 day) and after (56 days) 
burial treatment.
a) b)
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Figure 4. The tensile strength (TS) values as a function of burial period and TPS content for a) LLDPE/TPS1 (contains 
acetic acid) and b) LLDPE/TPS2 (does not contain acetic acid).
Figure 5. The elongation at break (EB) values as a function of burial period and TPS content for a) LLDPE/TPS1 
(contains acetic acid) and b) LLDPE/TPS2 (does not contain acetic acid).
It is seen in Figure 5 that the TS tends to increase 
with increasing burial period up to approximately 28 days. 
According to Vargha et al. (2016) the TS increase after 
several days of burial treatment might be due to an initial 
crosslinking between the polymer chains. Longer burial 
period (> 28 days) results in decrease of TS values.
It is worthwhile to note that the absorption of 
humidity from the composting medium into the samples 
promote two separated effects, i.e. increase in plasticity 
(due to the insertion of H2O molecules between the 
polymer chains) and increase crystallinity (due to the 
chain scission of the long and bulky polymer chains), 
known as retrogradation. An increase in plasticity results 
in increase of TS values, while an increase in crystallinity 
results in decrease of TS values. 
It is seen in Figure 5 that the EB values decreases 
with increasing burial period, as well as increasing TPS 
content. The decrease of EB values with increasing TPS 
content demonstrates the more rigid properties of starch 
compared to LLDPE. Furthermore, the decrease of EB 
values with increasing burial period demonstrates the 
biodegradation process of the samples by the microbes. 
Biodegradation promotes chain scission that reduces the 
polymer chain length and branches, leading to increase 
in crystallinity and decrease in EB values. The decrease 
in TS and EB values after burial treatment of plastics 
samples have also been reported in literature (Ali et al., 
2013; Dilfi et al., 2017). 
a) b)
a) b)
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CONCLUSIONS
The presented work aimed at studying the physical, 
morphology, and biodegradation properties of bioplastics 
prepared from linear low density polyethylene (LLDPE) 
and thermoplastic starch (TPS) composites. It was 
found that the TPS enhances microbial growth and thus 
biodegradation of LLDPE/TPS composites, as seen in 
the microbial surface coverage data that increase with 
increasing TPS content in the composite after incubation 
test in agar medium. This finding was further validated 
by data from burial tests in a composting medium that 
showed: 1) increasing negative mass change, 2) decreasing 
tensile strength, 3) decreasing elongation at break, 
and 4) increasing heterogeneity (roughness) in surface 
morphology, with increasing both TPS content and burial 
period. Interestingly, despite the role of acetic acid as a 
hydrolyzing agent for polysaccharide chains, the samples 
that contain acetic acid showed higher stability against 
biodegradation process. According to some previously 
published reports, this phenomenon might be due to the 
antimicrobial activity of the acetic acid. This study thus 
suggests formulations for bioplastics prepared from 
LLDPE/TPS composites and provides physical as well 
as biodegradation properties of such composites. More 
general, this study contributes in supporting the global 
efforts in the substitution of non-biodegradable with 
biodegradable plastics, which should lead to reduction of 
the global problems associated with plastics wastes.               
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